Green turtles (Chelonia mydas) are endangered marine herbivores that break down food particles, primarily sea grasses, through microbial fermentation. However, the microbial community and its role in health and disease is still largely unexplored. In this study, we investigated and compared the fecal bacterial communities of eight wild-captured green turtles to four stranded turtles in the central Great Barrier Reef regions that include Bowen and Townsville. We used high-throughput sequencing analysis targeting the hypervariable V1-V3 regions of the bacterial 16S rRNA gene. At the phylum level, Firmicutes predominated among wild-captured green turtles, followed by Bacteroidetes and Proteobacteria. In contrast, Proteobacteria (Gammaproteobacteria) was the most significantly dominant phylum among all stranded turtles, followed by Bacteroidetes and Firmicutes. In addition, Fusobacteria was also significantly abundant in stranded turtles. No significant differences were found between the wild-captured turtles in Bowen and Townsville. At the family level, the core bacterial community consisted of 25 families that were identified in both the wild-captured and stranded green turtles, while two unique sets of 14 families each were only found in stranded or wild-captured turtles. The predominance of Bacteroides in all groups indicates the importance of these bacteria in turtle gut health. In terms of bacterial diversity and richness, wild-captured green turtles showed a higher bacterial diversity and richness compared with stranded turtles. The marked differences in the bacterial communities between wild-captured and stranded turtles suggest the possible dysbiosis in stranded turtles in addition to potential causal agents.
INTRODUCTION
In both vertebrates and invertebrates, it is now well recognized that the gut microbiome plays a vital role in maintaining the host's health as well as in a wide range of diseases (Backhed et al. 2005; Stecher and Hardt 2008; Costa et al. 2012) . The microbiome is a well-established contributor to the digestion and utilization of complex food particles, and proliferation of intestinal epithelium within the gastrointestinal (GI) tract of the host (Karen et al. 1991; Sommer and Backhed 2013; Yang, Deng and Cao 2016) . Studies in different animal models also recognized their role in the modulation of the immune system and host physiology (Mao et al. 2015; Yang, Deng and Cao 2016) . Gut microbes can prevent the overgrowth of pathogenic organisms through a natural barrier referred to as 'colonization resistance' (Adlerberth et al. 2000 ; Van der Waaij, Berghuis-de Vries and Lekkerkerk- Van der Wees 1971; Buffie and Pamer 2013) . Recent investigations in terrestrial vertebrates including human have noticed that gut microbial community composition can be influenced by several factors such as gut structure and physiology (Sommer and Backhed 2013) , feeding strategy (Ravussin et al. 2012; Wang et al. 2016) , genotype of the host (Zhang et al. 2010; Carmody et al. 2015) , host developmental stage (Sommer and Backhed 2013) , antimicrobial exposure (Jernberg et al. 2010; Dethlefsen and Relman 2011) , and certain environmental conditions such as temperature and salinity (Yoshimizu and Kimura 1976; MacFariane, McLaughlin and Bullock 1986) . Moreover, several studies in terrestrial herbivores elucidated the distinct roles of complex gut microbiota in detoxification of certain compounds and synthesis of different metabolites such as vitamins and minerals required for normal host development (O'Mahony et al. 2015; Yang, Deng and Cao 2016) .
To date, little is known about the gut microbial ecology of marine herbivores that forage primarily in sea grass meadows (Hong et al. 2011; Eigeland et al. 2012; Nelson, Rogers and Brown 2013; Merson et al. 2014) . The microbiome in sea turtles is believed to be distinct from that of other marine mammals because they exhibit a long life-span and high site fidelity to coastal foraging habitats, increasing the chance of long-term exposure to coastal anthropogenic factors (Bjorndal, Lutz and Musick 1997; Lutz, Musick and Wyneken 2002) . Moreover, their reproductive migration inevitably takes them a long distance from their natural habitat, increasing the risk of exposure to significant environmental stressors (Read et al. 2014) . In addition, green turtles exhibit different digestive and reproductive physiologies compared with other marine herbivores. They rely on hind-gut fermentation to digest their herbivorous diet and are therefore especially vulnerable to stressors that may influence their gut microbial community. In contrast to mammals, the maternal microbiota in turtles cannot be passed on to their offspring through birth and post-parental care (Funkhouser and Bordenstein 2013) . Conversely, sea turtle hatchlings are more likely to share the microbiota of the nesting beaches where the females lay eggs due to their oviparous nature (Hirth 1980) . A detailed understanding of the core bacterial community is of importance given that GI disorders are a major factor in declining sea turtle populations (Flint et al. 2010) and other health problems (George 1996) . The link between altered gut microbes and disease risk is now a wellestablished concept in both vertebrates and invertebrates (Costa et al. 2012) . Moreover, several studies have shown that the gut microbiota harbor opportunistic pathogens, which can colonize the GI tract of immuno-compromised animals (Owens et al. 2008; Li et al. 2015) . Determination of the core microbiota present within the GI tract of healthy animals would allow for a better understanding of their health state and promote gut health. To date, studies on the gut microbial communities in sea turtles were limited to culture-dependent phenotypic and biochemical techniques (Aguirre et al. 1994; AlBahry et al. 2009; Chuen-Im et al. 2010; Ahasan et al. 2017) , which do not represent the whole biome including the non-cultivable bacteria. Our study first characterized in detail the fecal bacterial communities of wild-captured green turtles from different geographical locations, including Bowen and Townsville, and compared these bacterial communities with those encountered in stranded green turtles with unknown illness.
MATERIALS AND METHODS
Sample collections from free-ranging and stranded green turtles were made under permit from the Department of Environment and Heritage Protection Authority (permit no. WISP15015914), the Great Barrier Reef Marine Park Authority (Permit no. G14/37285.1) and James Cook University Animal Ethics Committee (Permit no. A2101).
Study site and sample collection
Samples were collected from clinically healthy green turtles that were captured while foraging and from stranded turtles that were in a poor state of health and admitted for rehabilitation. Deep cloacal swab samples from eight green turtles were obtained from two different locations of the central section of the Great Barrier Reef Marine Park (Fig. 1) . The wild freeranging green turtles (n = 8) were captured from Edgecumbe Bay, Bowen (Lat: 20
• 07 55 S (Jensen et al. 2016) . Cockle Bay is located on the southwestern shore of Magnetic Island, approximately 5 km from the city of Townsville and facing the city port. In addition to seagrass beds, the bay supports rocky reefs associated with rocky outcrops. Cloacal swabs from stranded green turtles (n = 4) were collected from turtles admitted to Reef HQ Turtle Hospital, situated in Townsville. Samples from the stranded turtles were taken (DEHP 2013) and are presented in Table 1 .
For sample collection, a sterile cotton swab was gently inserted and rolled inside the cloaca (10 cm internal depth) immediately after flushing the cloacal opening with 70% ethanol to avoid external contamination. Swabs were then immediately placed in 1.5 ml microcentrifuge tubes and transported on ice within 4-7 h directly to the laboratory at James Cook University (Townsville, Qld, Australia), where they were stored at −80
• C until processing. • C for 7 min) using the following primers: 27F 5 -AGAGTTTGATCMTGGCTCAG-3 and 519R 5 -GWATTACCGCGGCKGCTG-3 . Primary PCR was carried out using AmpliTaq Gold 360 mastermix (Life Technologies, Australia). The secondary PCR, used to index the amplicons, was carried out using TaKaRa Taq DNA Polymerase. The resulting amplicons were measured by fluorometry (Invitrogen Picogreen) and normalized. The equimolar pool was then estimated using qPCR (KAPA) followed by sequencing on the Illumina MiSeq (San Diego, CA, USA) with 2 × 300 base pairs paired-end chemistry. Sequencing and library preparation were performed by the Australian Genome Research Facility, Brisbane, Australia.
DNA extraction, PCR amplification and sequencing

Bioinformatics and statistical analyses
To remove primer sequences, fastx trimmer from the FASTX toolkit (Gordon and Hannon 2010) was used to trim 20 bp from the forward and 18 bp from the reverse reads. This was followed by quality trimming (q = 20) using Sickle (version 1.33) (https://github.com/najoshi/sickle). The paired-ends reads were merged using PANDAseq, discarding orphaned reads (Masella et al. 2012 ). The quality filtered and merged reads were further processed using Quantitative Insights into Microbial Ecology (QIIME 1.8) (Caporaso et al. 2010) . First, identify˙chimeric seqs.py was used to identify chimeric sequences, which were subsequently filtered using filter fasta.py. Then USEARCH (version 8.0.1623) (Edgar et al. 2011 ) was used to cluster operational taxonomic units (OTUs) at 97% similarity applying the UCLUST algorithm (Edgar 2010) . Using QIIME, taxonomy was assigned using the Silva database (version 128, Sep 2016) (https://www.mothur.org/wiki/Silva reference files#Release 128). For statistical analyses, the QIIME OTUs table was filtered based on their relative abundance to remove low abundance OTUs (<1%) and samples that showed <1000 sequence reads. Alpha diversity matrices (abundance-based coverage estimator (ACE), Chao1, Shannon diversity index and Simpson index) were estimated in R to determine the host-specific microbial richness and diversity (McMurdie and Holmes 2013) . Strip charts were generated through the Calypso web server (Zakrzewski et al. 2017 ). Good's coverage was estimated in QIIME to evaluate the completeness of sampling. To evaluate the variation among different groups of samples, we analysed the rarefied dataset using Bray-Curtis (Bray and Curtis 1957) and Chao1 (Chao 1984) distance matrices, which were later visualized by principle coordinate analysis (PCoA). Clustering of the samples was also evaluated applying non-metric multidimensional scaling with two dimensions. Analysis of similarity (ANOSIM) was performed by applying the Bray-Curtis distance matrix to evaluate the association between wild-captured and stranded turtle groups. ANOSIM tested the null hypothesis that fecal bacterial compositions are significantly different between wild-captured and stranded turtles. Venn diagrams were constructed in Calypso to visualize the amount of unique and mutually exclusive bacterial communities among different groups of samples. The positive and negative correlations among the bacterial communities were analysed, and visualized by Calypso using Spearman's rho correlation (Zakrzewski et al. 2017) . Finally, the abundance of microbial communities among different groups at different taxonomic level was estimated and compared using parametric ANOVA and Student's paired t-test. Linear discriminant analysis was performed to identify the specific biomarker candidates of gut bacterial communities at different taxonomic levels (Segata et al. 2011) .
RESULTS
Summary of sequencing data and depth
Illumina sequencing of 12 cloacal swab samples resulted in a total of 729 689 raw merged reads. Merged reads with a quality score >33 and 350-600 bp in size were included for further analysis. A total of 483 443 high quality reads were identified after filtering (QC) of low quality sequences and potential chimeras (∼17% of the total reads) (Supplementary Table S1 ). OTU clustering resulted in a total of 669 unique OTUs that were successfully identified and classified to at least a domain level using a 97% sequence similarity threshold against the Silva database. The top 
Host-specific bacterial richness and diversity estimation
Good's coverage was estimated to evaluate the completeness of sampling. The coverage ranged from 99.5 to 99.9%, indicating that we identified the majority of bacterial phylotypes present in each sample (Supplementary Table S2 ). Bacterial diversity and richness of each sample were estimated at OTU level using ACE, Chao1, Shannon index and Simpson index (Fig. 2) . The number of OTUs identified in the samples covered 59.62-93.47% and 62.86-92.44% of the richness, as estimated by ACE and Chao1, respectively. Both richness indices revealed a significant difference (P < 0.05) between the groups of green turtles (Fig. 2) . Bacterial diversity of the fecal communities was found to be significantly different (P < 0.05) between wild-captured and stranded green turtles, as evaluated with the Shannon and Simpson indexes (Fig. 2) . The diversity was significantly higher in wild-captured green sea turtles from both the Bowen and Townsville regions, compared with stranded green turtles in the Townsville region (Fig. 2) .
Taxonomic composition of the fecal bacterial communities in green turtles
The operational taxonomic units identified in the samples were assigned to 20 different bacterial phyla (Fig. 3a) . OTUs that were unable to be assigned were categorized as 'Unclassified'. In the Bowen wild-captured (BWC) green turtles group, the most predominant phylum was Firmicutes, with an average relative abundance of 62.6%, followed by Bacteroidetes (27.6%) and Proteobacteria (8.8%). In the Townsville wild-captured (TWC) group, Firmicutes (60.5%) and Bacteroidetes (31.9%) in addition to Verrucomicrobia (3.6%) and Lentisphaerae (2.7%) were the highly abundant phyla. In the stranded green turtles of Townsville (ST) group, the bacterial communities were dominated by the phylum Proteobacteria (47.6%), followed by Bacteroidetes (19.0%), Firmicutes (18.7%) and Fusobacteria (13.6%) ( Table 2 ). The estimated cumulative abundance of these six most dominant phyla was ≥98% of the identified OTUs across all the samples.
Bacterial diversity at the lower taxonomic level was assessed and a total of 44 classes and 89 orders were recovered from the complete dataset. At a family level, 167 families were identified and the most abundant 20 families in each sample are presented in Fig. 3b . The BWC group of samples was dominated by Clostridiaceae (28.3%), Lachnospiraceae (22.2%) and Bacteroidaceae (19.3%), whereas the TWC group was predominantly Lachnospiraceae (28.2%), Bacteroidaceae (22.2%) and Peptostreptococcaceae (13.8%). The ST group was dominated by Enterobacteriaceae (19.4%), Bacteroidaceae (11.6%) and Moraxellaceae (10.3%) (Supplementary Table S3 ).
At genus level (Fig. 3c) , a total of 416 genera were identified. Bacteroides was the predominant genus in both wild-captured and stranded green turtles. The proportion of unclassified genera ranged from 6.57% to 47.71% among the samples. The top five most abundant genera in each turtle group are shown in Table 3 . 
Variation in beta diversity
PCoA analysis was performed to visualize the dissimilarities in the fecal bacterial communities among different groups of green turtles. PCoA plots and hierarchical dendrograms based on Bray-Curtis distance matrices showed that the samples from the same environmental location clustered together except for the samples from the ST group (Fig. 4a) . The results indicated that wild-captured green turtles harbored bacterial microbial communities that were different from the stranded green turtles. ANOSIM confirmed that the difference was significant (R = 0.502, P = 0.001, Supplementary Fig. S2 ) between wild-captured and stranded turtles while no significant difference was noticed between BWC and TWC groups of green turtles. A PCoA plot constructed applying Chao1 distance matrices ( Supplementary  Fig. S3 ) and non-metric multidimensional scaling (Fig. 4b) yielded similar results.
Analysis of group-specific bacterial communities
Among the 527 OTUs (>1% relative abundance) identified in the study, 380 (72.1%) were strictly associated with the wild-captured turtles and 67 (12.7%) were associated with the stranded turtles (Fig. 5a ). Only 50 OTUs (9.5%) were shared among the BWC, TWC and ST groups of green turtles. Conversely, 256 OTUs (48.7% of the total) were shared between only BWC and TWC groups of green turtles (Fig. 5a ). Among the identified bacteria, a total of 25 (48. 1%) families were shared among the three groups and 14 (26.42%) families were strictly associated with the stranded green turtles group (Fig. 5b) . ANOVA showed that several intestinal bacteria were significantly associated with specific group of green turtles. At phylum level, Proteobacteria and Chlorofexi were significantly associated with stranded turtles (P < 0.05) and the 'unclassified' OTUs were found to be significantly associated with both BWC and TWC groups of turtles. In the ST turtles, gut microbiota belonging to several families were significantly different from the BWC and TWC groups of turtles (Fig. 6 ). These families are Alteromonadaceae, Enterobacteriaceae, Flavobacteriaceae, Moraxellaceae, Rhodospirillaceae, Vibrionaceae, Pseudomonadaceae and Shewallaceae (P < 0.05, Fig. 6) . At the genus level, Escherichia/Shigella, Psychrobacter, Tanacibaculum, Pseudomonas and Vibrio predominantly showed significant association (P < 0.05) with the ST turtles group (Supplementary Table S4 ). Several bacteria that were found to be similar at both the family and the genus level in the BWC and TWC groups were significantly different from the ST group of turtles.
A major research objective of our study was to identify whether specific fecal bacterial communities could be determined for wild-captured and stranded green turtles. To identify these bacteria, linear discriminant analysis was used to identify specific biomarker candidates belonging to different taxonomic groups (Fig. 7) . Latent Dirichlet allocation score ≥4 was used as a threshold for this analysis. The results showed that the most abundant phylum in the wild-captured group was Firmicutes (class: Clostridia), while Proteobacteria (class: Gammaproteobacteria) was the most common phylum in the stranded group of turtles. In addition, several candidates from different phyla were identified at a lower taxonomic level especially in stranded turtles. At the family level, Flavobacteriaceae (Phylum: Bacteroidetes) and Enterococcaceae (Phylum: Firmicutes) were identified together with the other candidates from Proteobacteria that include Enterobacteriaceae, Cardiobacteriaceae, Moraxellaceae, Vibrionaceae, Shewallaceae, and Pseudomonadaceae. The microbial candidates for the wild-captured groups (BWC and TBC) were consistently classified with the phylum Firmicutes that include Lachnospiraceae, Clostridiaceae and Ruminococcaceae. No common group-specific phylum, family or genus were identified between the wild-captured and the stranded turtles in this analysis.
DISCUSSION
Here we present the first detailed analyses of fecal bacterial communities of sea turtles by high-throughput sequencing technology, and provide evidence that fecal bacterial communities differ between wild-captured and stranded green turtles.
Our results suggest that wild-captured green turtles have a higher bacterial diversity and richness compared with stranded turtles. The possible explanation could be the diverse microbial requirements of herbivores to access complex carbohydrates in the plant material they consume as a primary food source. In contrast, stranded turtles are often restricted to a natural diet (seagrass) and their debilitated health state allows opportunistic bacteria to colonize and overgrow within the GI tract. Despite slightly different phylogenetic trees, PCoA plots and a non-metric multidimensional scaling plot constructed by the different statistical tests, all results clearly suggest the presence of significant differences in microbial gut composition among the wild-captured and stranded turtles. The analysis of samples in this study indicates that the free-living green turtles of these sampling locations share similar bacterial communities, while the stranded turtles from the same environment showed distinctly different bacterial communities with higher intra-group variation. One reason for this could be their diseased or debilitated health condition.
The 16S rRNA-based Illumina sequencing revealed that green turtles appear to harbor highly diverse bacterial communities largely within the four phyla Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria. Other phyla including Cyanobacteria, Fusobacteria and Verrucomicrobiota were present at variable levels. All cloacal swab samples from wild-captured green turtles were dominated by Firmicutes. In contrast, Proteobacteria was the most abundant phylum in stranded green turtles and Firmicutes was one of the three most dominant phyla. The higher abundance of Firmicutes in wild-captured turtles is consistent with the findings in other marine herbivorous reptiles (Hong et al. 2011 ) and mammals (Tsukinowa et al. 2008; Nelson, Rogers and Brown 2013; Merson et al. 2014) . Preliminary studies on stranded loggerhead sea turtles (Caretta caretta) also showed the presence of elevated abundance of Proteobacteria (Abdelrhman et al. 2016) . Firmicutes was found to be the most ubiquitous and common phylum in all vertebrates due to the ability of bacteria it includes to harvest energy and absorb nutrients from ingested feed materials (Wang et al. 2016) . The predominance of the Firmicutes present in wild-captured green turtles may reflect the natural state of turtles in good health. In addition to health status, age, habitat and diet have been found to influence the gut microbiome in other marine (André, Gyuris and Lawler 2005; Nelson et al. 2015) and terrestrial vertebrates (Guan et al. 2016) , and might also shape the gut bacterial composition of green turtles. The presence of higher abundance of Clostridium, Peptoclostridium and Cellulosilyticum in wild-captured green turtles could be due to their ability to break down and utilize various complex plant-derived polysaccharides, such as cellulose, hemicellulose and xylan, which constitute the major part of seagrass and other plant fibers (Uffen 1997; Uz and Ogram 2006) . The higher abundance of Peptostreptococcus within the GI tract of stranded green turtles may indicate possible opportunistic infection as many Peptostreptococcus species are recorded as causing clinical infections in marine mammals and humans (Murphy and Frick 2013; Nielsen et al. 2013) , or alternatively it is a commensal that is an important component of the microbial communities within the GI tract (Murdoch 1998) .
The phylum Proteobacteria is known to have members in the microbial communities in the gut of many vertebrates including sea turtles (Abdelrhman et al. 2016) . Our study revealed that the fecal bacterial community of stranded turtles was significantly dominated by Proteobacteria compared with wild-captured green turtles, where a lower abundance of Proteobacteria was recorded in both BWC and TWC groups. A low frequency of Proteobacteria (0.6%) was also reported by Hong et al. (2011) within the gut of wild marine herbivorous iguanas (Amblyrhynchus cristatus). Tsukinowa et al. (2008) also recorded a lower percentage of Proteobacteria in wild-captured herbivorous dugongs (Dugong dugong). Proteobacteria is one of the most physiologically and metabolically diverse groups that has been observed to be ubiquitous in habitats such as soil (Lauber et al. 2009 ), water (Teeling et al. 2012; Pascault et al. 2014) , plants (Redford and Fierer 2009) and the atmosphere (Després et al. 2012) . Members of the phylum Proteobacteria are well known to establish pathogenic as well as symbiotic relationships with their hosts (López-García and Moreira 1999; Garrity et al. 2005; Shin, Whon and Bae 2015) . Our study demonstrated that the high abundance of Proteobacteria in stranded turtles was largely due to a high proportion of Gammaproteobacteria particularly Enterobacteriaceae, Moraxellaceae, Shewanellaceae, Pseudomonadaceae and Vibrionaceae. These families were significantly associated with stranded turtles compared with the other two groups, BWC and TWC. Although previous studies based on culture-dependent techniques reported that these microbes can be present in free-ranging wild sea turtles as normal gut inhabitants (Foti et al. 2009; Al-Bahry et al. 2011) , the high abundance of Escherichia-Shigella in this study may indicate overgrowth within the GI tract of stranded turtles, which is often recorded in clinical infections in immunosuppressed animals including sea turtles (Raidal et al. 1998; Shin, Whon and Bae 2015) . The genus Pseudomonas is one of the top three causes of opportunistic infections in humans and was in higher abundance in stranded green turtles (Stover et al. 2000) . Furthermore, potential pathogens within the genera Vibrio, Moraxella and Shewanella identified in this study can cause opportunistic infections in freshwater and marine vertebrates (Reed and Francis-Floyd 1996; Austin and Zhang 2006) . In stranded turtles, these microbes might exacerbate underlying health conditions. However, their roles within the GI tract of green turtle is unknown and further study is necessary to understand the functions of these microbes.
Bacteroidetes was one of the three most abundant phyla detected in both wild-captured and stranded green turtles. At the family level, Bacteroidaceae and Porphyromonadaceae were in significantly higher abundance in wild-captured green turtles while stranded turtles showed predominantly Flavobacteriaceae. At the genus level, Bacteroides was the most dominant genus among all genera from different phyla identified in all turtles (Supplementary Table S5 ). Generally, the members of Bacteroidetes and Macellibacteroides are common gut-associated microbes reported in several aquatic and terrestrial vertebrates including herbivorous mammals such as the dugong (Tsukinowa et al. 2008; Hong et al. 2011; Nelson, Rogers and Brown 2013) . In addition to Bacteroides, Tenacibaculum was another genus detected significantly within the GI tract of stranded green turtles. Little is known about its role within the GI tract of the host including the green turtle.
A lower abundance of bacteria from the phyla Actinobacteria, Verrucomicrobia and Lentisphaerae was observed in the microbial communities of both wild-captured and stranded turtles. This result is consistent with the preliminary findings in the fecal and intestinal samples of stranded loggerhead sea turtles (Abdelrhman et al. 2016) . The low number of sequences of Actinobacteria and Verrucomicrobia was also reported in another marine reptile (iguanas, Amblyrhynchus cristatus) and mammals (dugong; seal, Phoca vitulina) (Tsukinowa et al. 2008; Hong et al. 2011; Nelson, Rogers and Brown 2013; Numberger et al. 2016) .
Our study demonstrated that the phylum Fusobacteria was in higher abundance in stranded turtles compared with wild-captured green turtles. A higher abundance of Fusobacteria was also observed in captive (harbor) seals that mainly fed on fish (Nelson, Rogers and Brown 2013; Numberger et al. 2016) . While the members of the phylum Fusobacteria have been identified from both aquatic and terrestrial vertebrates including humans, the phylum is poorly studied and comprises approximately 32 species with an overall undefined phylogenetic position (Keenan, Engel and Elsey 2013; Nelson, Rogers and Brown 2013) . The members of Fusobacteria are reported to be associated with diseased corals (Vega Thurber et al. 2009 ). We hypothesize that the presence of Fusobacteria in stranded turtles could be due to a dietary shift. Stranded turtles often experience unusual diets such as fish, small invertebrates or sponges that are reported to carry a higher abundance of Fusobacteria (Garrity, Boon and Castenholz 2001; Vega Thurber et al. 2009 ).
Most importantly, our study demonstrated that a large proportion of the gut microbes in all samples were 'unclassified bacteria'. Although a proportion of unclassified reads can be the result of PCR or sequencing errors, such an abundance of unclassified sequences argues for a significant presence of novel/undescribed bacteria. Our finding of numerous unclassified microbes within the GI tract is consistent with the findings of others in vertebrates from different marine environments (Hong et al. 2011; Nelson, Rogers and Brown 2013) . Future research is needed to identify these undescribed microbes within the GI tract of green turtles.
In this study, we investigated the core bacterial community of green turtles, which has not previously been investigated in any sea turtle species. The core gut microbiota represents the set of the most abundant microbial lineages that are mutually shared by all members from the same species. Our data indicate that Firmicutes were the main phylum represented in the specific microbial cores associated with the gut contents of wild-captured green turtles. At the family level, we identified 25 families that were mutually shared by all green turtles. The four representative dominant core families within the wildcaptured green turtles were Lachnospiraceae, Clostridaceae, Ruminococcaceae and Bacteroidaceae. We also investigated the potential biomarkers to access the health status of stranded turtles. The class Gammaproteobacteria under the phylum Proteobacteria dominated all samples from stranded turtles. In addition, the high dominance of Enterobacteriaceae, Cardiobacteriaceae, Moraxellaceae, Vibrionaceae, Flavobacteriaceae, Shewanellaceae, Enterococcaceae and Pseudomonadaeae clearly indicates the opportunistic behavior (i.e. overgrowth potential) of these bacteria in debilitated animals.
In conclusion, the present study aimed to investigate the fecal bacterial communities of green turtles (Chelonia mydas) by high-throughput sequencing analysis. The diverse bacteria inhabiting the GI tract of green turtles identified in this study may provide several important functions that are still unknown, but based on the findings in other marine and terrestrial herbivorous hindgut fermenters, they may play an important role in microbial food assimilation as well as utilization. The predominance of Firmicutes and Bacteroidetes demonstrates the importance of these bacteria in the healthy gut microbiome. The high abundance of Gammaproteobacteria in stranded turtles deserves special attention and further investigations, as the role of these bacteria within the GI tract of green turtles is still unknown. The OTU richness reported in this study revealed the complexity of green turtle gut bacterial communities and the study provides the most comprehensive indication of this important and complex gut bacterial microbiome to date.
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